A thionocephalosporin is shown to be a much poorer substrate of representative serine ,6-lactamases of class A (RTEM-2) and class C (Enterobacter cloacae P99) and a much poorer inhibitor of the Streptomyces R61 DD-peptidase than is the analogous oxo ,-lactam. These results provide kinetic evidence for the existence of a catalytic oxyanion hole in these enzymes.
INTRODUCTION
Like serine proteinases, class A and C ,-lactamases employ a nucleophilic serine hydroxy group and a double-displacement mechanism involving an acylenzyme intermediate in catalysing hydrolysis of their specific substrates [1] [2] [3] [4] [5] [6] . A further important feature of the catalytic machinery of the serine proteinases is the oxyanion hole [7] [8] [9] , which is believed to catalyse acyl transfer to and from the nucleophilic serine residue by stabilization of the tetrahedral intermediate and associated transition states. This stabilization is achieved through hydrogen-bond donation by specifically placed protein functional groups (H-A and H-B in structure I). Linear free-energy data from substrate perturbation studies support such electrophilic catalysis in the serine proteinases [10] [11] [12] . Although it does not seem that the catalytic machinery of /3-lactamases can be identical with that of serine proteinases [13] , an interesting question is whether the motif of the oxyanion hole has been, presumably independently, achieved by the former enzymes. The same question of course may be posed with respect to the bacterial cell-wall transpeptidases, which generally appear to be serine enzymes [13, 14] , and which may well be evolutionary precursors of the ,3-lactamases [15] [16] [17] .
Thiono analogues of specific substrates of serine proteinases are, in general, poor or non-substrates, and this observation has been interpreted as evidence for the catalytic importance of the oxyanion hole to those enzymes [18, 19] . The tetrahedral thiolate analogue of structure (I) is thought to be much less stabilized by the oxyanion hole because of the smaller tendency of S-to accept hydrogen bonds and/or the difficulty of accommodating the longer (0.03-0.04 nm) C-S [20] (than C-O) in the hole, in a way that produces optimal hydrogenbonding and still maintains optimal binding of the rest of the substrate molecule.
We have used the thiono anologue probe for an oxyanion hole in the class A and class C ,-lactamase active sites, employing the substrate pair (Ila) and (Ilb Vol. 256 ide (Aldrich Chemical Co.) in aq. NaHCO3 solution, essentially as described by Chauvette et al. [22] . The product crystallized from ethyl acetate in 760 yield with m.p. 185°C (lit. [22] m.p. 186-188°C).
2,2,2-Trichloroethyl 7-(phenoxyacetamido)-3'-desacetoxycephalosporanate was also prepared by the method of Chauvette et al. [22] . The result crude material, an 2,2,2-Trichloroethyl 7-(phenoxyacetamido)-8-thiono-3'-desacetoxycephalosporanate was prepared by a modification of the procedure of Wojtkowski et al. [23] . The 8-oxo analogue, prepared as described above (7.6 g, 15.8 mmol), and 3.8 g of boron sulphide (Alfa) were stirred in 50 ml of dry chloroform at 0°C for 7 h. The solution was then heated under reflux until no starting material remained (approx. 2 h, followed by t.l.c.), cooled and filtered, and the solid was washed with dry chloroform. The solvent was evaporated from the combined chloroform solutions, and the resultant orange foam (7.6 g) was chromatographed on 300 g of silica gel with methylene chloride. The purest fractions containing the required product were combined, the solvent was evaporated, and the residue (1. [23] . Also isolated from the second column were the 7-(phenoxythioacetamido)cephalosporin (30 mg, 0.40 yield) and the dithionated material (0.9 g, 11 O yield).
The yields from this synthesis were not reproducible. The important variable appeared to be the boron sulphide; different lots from the vendor gave different yields, and more freshly prepared material (Noah Chemical Co.) and sonicated reaction mixtures [24] gave only degradation products. Other thionation reagents (e.g. Lawesson's reagent [25, 26] ) gave none of the required product. The situation with respect to the analogous penicillin, phenoxymethylthionopenicillin, was even less assured. We were able to obtain this compound only once [27] and even then not in sufficient quantity for detailed kinetic measurements.
Finally, 7-(phenoxyacetamido)-8-thiono-3'-desacetoxycephalosporanic acid (1Ib) was obtained as a yellow solid in 65 % yield on deprotection of the 2,2,2-trichloroethyl ester by zinc and acetic acid [23] . Fast Concentrations of the various enzymes were determined spectrophotometrically, by employing the absorption coefficients 29400 M-' cm-', 71000 M-' cm-1 and 39000 M-1 cm-' at 280 nm for the RTEM-2 [28] and P99 [29] ,J-lactamases and the R61 DD-peptidase [30] respectively. Kinetic measurements with /?-lactamases were made in 0.1 M-phosphate buffer, pH 7.0, at 30 'C. The reactions of compounds (Ila) and (Ilb) were monitored spectrophotometrically at 265 nm (As 6700 M' cm-') and 307 nm (Ac = 10600 M-' cm-') respectively, where the absorption coefficient changes were determined from absorption measurements after enzyme-catalysed hydrolyses. Steady-state kinetic parameters were obtained from initial-velocity measurments by the method of Wilkinson [31] . Routine assays of the ,-lactamases and of the R61 DD-peptidase were performed spectrophotometrically with benzylpenicillin and hippuryl DL-phenyllactate [32] (Sigma Chemical Co.) respectively as substrates.
RESULTS AND DISCUSSION
The initial product of,6-lactamase-catalysed hydrolysis of the cephalosporin (IIa) is, as confirmed by the 'H n.m.r. spectrum 
19.88
An oxyanion hole in serine ,b-lactamases In general, the susceptibility ofthionoamides to nucleophilic attack by water in hydrolysis is very similar to that ofamides under conditions ofboth acid and base catalysis [33, 34] . Thionoamide hydrolysis is complicated by partitioning of tetrahedral intermediates between C-S and C-N bond fission [33, 34] [27] . This difference, caused by the substitution of a sulphur atom for an oxygen atom, is of the same order as, or greater than, the difference observed with chymotrypsin and subtilisin [18, 19] , and, as in these cases, can be interpreted as good evidence for the existence of a catalytic oxyanion hole.
It is evident also from [14] than is compound (Ila), and thus that an oxyanion hole is also present in this enzyme and participates in its inactivation by k-lactam antibiotics.
In conclusion, these experiments point once more [15] [16] [17] to the similarities between the interactions of ,-lactamases and DD-peptidases with ,-lactam antibiotics.
There must be differences, of course [17, 32] , but an oxyanion hole may well be a conserved feature that these two groups of serine enzymes have in common. The same electrophilic site would quite probaby catalyse the reactions of acyclic substrates also.
